Factors influencing survival after out-of-hospital cardiac arrest  by Weaver, W. Douglas et al.
752 lACC Vol 7, No 4 
Apnl 1986 752-7 
Factors Influencing Survival After Out-of-Hospital Cardiac Arrest 
W, DOUGLAS WEAVER, MD, FACC, LEONARD A. COBB, MD, FACC, 
ALFRED P. HALLSTROM, PHD, CAROL FAHRENBRUCH, MSPH, MICHAEL K. COPASS, MD, 
ROBERTA RAY, MS 
Seattle, Washington 
Survival to hospital discharge was related to the clinical 
history and emergency care system factors in 285 pa•
tients with witnessed cardiac arrest due to ventricular 
fibrillation. Only the emergency care factors were as•
sociated with differences in outcome. Both the period 
from collapse until initiation of basic life support and 
the duration of basic life support before delivery of the 
first defibrillatory shock were shorter in patients who 
survived compared with those who died (3.6 ± 2.5 ver•
sus 6.1 ± 3.3 minutes and 4.3 ± 3.3 versus 7.3 ± 4.2 
minutes; p < 0.05). 
A linear regression model based on emergency re•
sponse times for 942 patients discovered in ventricular 
With the widespread introduction of paramedic services, the 
outcome of out-of-hospital cardiac arrest has substantially 
improved. In conjunction with better emergency services, 
there have been major efforts to involve lay persons in 
resuscitation by teaching them basic cardiac life support. 
Each year substantial resources are allocated for personnel, 
equipment and training. However, there is often only a 
fragmentary understanding of the effectiveness of prehos•
pital treatment, and program planners are at times not cog•
nizant of the clinical and emergency care system factors 
that most influence the outcome of cardiac arrest. 
The purpose of this report is 1) to evaluate the clinical 
factors that might influence the outcome of cardiac arrest; 
and 2) to provide a way of estimating the expected change 
in survival rates resulting from modifications of response 
times within an emergency care system. 
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fibrillation was used to estimate expected survival rates 
if the first-responding rescuers, in addition to paramed•
ics, had been equipped and trained to defibrillate. Ex•
pected survival rates were higher with early defibrilla•
tion (38 ± 3 % ; 95 % confidence limits) than the observed 
rate (28 ± 3%). 
Because outcome from cardiac arrest is primarily 
influenced by delays in providing cardiopulmonary re•
suscitation and defibrillation, factors affecting response 
time should be carefully examined by all emergency care 
systems. 
(J Am Coll CardioI1986;7:752-7) 
Methods 
Emergency medical systems. The Seattle Fire Depart•
ment utilizes a tiered emergency medical system (first-re•
sponding fire company personnel followed by a limited num•
ber of strategically located paramedics). Until recently, first 
responders were firefighters trained only in basic life support 
and first aid, The response time of this first tier is 3.1 ± 
1.5 (mean ± SD) minutes after dispatch, Paramedic-fire•
fighters, who are highly trained in emergency medical pro•
cedures, are simultaneously dispatched in cases of poten•
tially life-threatening emergencies and reach the victim after 
an average of 6.2 ± 3,2 minutes, 
Study cases and protocol. Over 4 consecutive years 
ending in October 1982, a total of 1,122 patients were 
discovered by paramedics to be in cardiac arrest with ven•
tricular fibrillation. The response time for rescuers who de•
livered the first defibrillatory shock was known in 942 (84%) 
of these cases, For the last 31 months of this period, tape 
recordings of resuscitation attempts were obtained in ap•
proximately two-thirds of cases; data are missing in the 
remaining cases because of mechanical malfunction. The 
tape recordings in this subset of 457 patients were annotated 
and the time of treatments was noted, Also, we interviewed 
any available persons who might have observed the collapse, 
and examined available medical records. From information 
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in the interview, an estimate was made of the time elapsed 
from the patient's collapse to receipt of the telephone call 
to 911. The time of the telephone call and all emergency 
response times are recorded on magnetic tape. From medical 
records and interviews, we abstracted and tabulated the clin•
ical history and data on drug usage and survival. Of the 457 
tape-recorded resuscitations, 302 (66%) were witnessed and 
in 285 (62%) we were able to estimate the delay from 
collapse until initiation of cardiopulmonary resuscitation and 
the time of the first shock. In 231 of the cases, a reasonably 
complete clinical profile, including data on weight, sex, age, 
medical history and drug use, were assembled. 
The response times of the emergency units, and the pa•
tients' gender and age in the 285 cases in which there was 
a detailed history were similar to those in other cases studied 
over the 4 year period. These evaluations were approved 
by the University of Washington Human Subjects Review 
Committee of our institution in January 1980. 
Statistical methods. Chi-square tests were used to com•
pare discrete variables in patients who survived or died. 
Unless otherwise stated, survival indicates that a patient was 
discharged from the hospital after resuscitation, and survival 
rate is the number of such persons divided by the total 
number of victims with ventricular fibrillation treated out•
side the hospital. Continuous variables were analyzed using 
Student's t test. Tests for differences in variance were done, 
and when appropriate, the t test was modified (l). 
A logistic regression analysis was used to determine the 
influence of clinical history and emergency care system 
factors on outcome in witnessed cases of cardiac arrest in 
which estimates of the delay until initiation of cardiopul•
monary resuscitation and to delivery of the first counter•
shock were possible (2). The logistic model was also used 
to estimate survival rates after cardiac arrest in four possible 
scenarios in which the first countershock would be delivered 
by: 1) the person calling 911, 2) the person initiating car•
diopulmonary resuscitation, 3) the first arriving basic life•
support rescuer, or 4) the paramedic. Estimates of time 
delays were obtained and recorded in each of the cases from 
the data collected from witnesses to the arrest in the 285 
resuscitation attempts. 
A simpler linear model (based on case-specific response 
times of the persons delivering the first shock) was used to 
estimate the potential additional number of lives that could 
have been saved during the entire 4 year period (942 pa•
tients) if first-responding emergency units, in addition to 
having paramedics, had been equipped and trained to de•
fibrillate. Whereas only outcome and response time of the 
emergency units were used in the linear model, it could be 
applied to all cases of cardiac arrest and ventricular fibril•
lation during the 4 year period. Because linear models are 
simpler and more widely understood (note that the logistic 
model is approximately linear over the middle range of 
values), a linear approximation of the logistic model, further 
WEAVER ET AL. 753 
SURVIVAL AFTER CARDIAC ARREST 
simplified to consider only the delay to administration of 
shock, was also used to predict the improvement in survival 
for early delivery of defibrillation by first responders. This 
latter model provides a second estimate of the potential 
improvement in survival rate associated with shortening the 
delay until defibrillation. 
Thus, we present results from two models.' logistic regres•
sion, based on factors in witnessed cases, and linear regres•
sion, based on emergency vehicle response times (see Ap•
pendix). Neither model by itself provides a precise estimate, 
but comparison of the results from both gives a reasonable 
prediction of the expected change in survival rate with a 
change in response time. The linear model does not consider 
the time from collapse to call for help and thus probably 
underestimates the effect of time on survival rates. On the 
other hand, the logistic model (or a linear approximation to 
it) probably overestimates the benefit of early defibrillation 
when applied to both witnessed and unwitnessed cases (the 
delays in unwitnessed cases are probably skewed toward 
the tail rather than the middle of the time distribution). 
Results 
Clinical history in 285 witnessed cases. We observed 
no significant differences in gender, body weight, cardiac 
history or use of medication in patients who died versus 
those who survived (Table 1). However, those who died 
tended to be older (67.3 years) than those who survived 
(64.8 years, p < 0.1). Additionally, when analysis was 
restricted to resuscitated patients admitted to the hospital, 
both age (p < 0.01) and a history of prior heart attack or 
congestive failure (p = 0.025) adversely influenced hospital 
survival after resuscitation, even if we adjusted first for the 
effect caused by the delays until cardiopulmonary resusci•
tation and defibrillation. 
Time to cardiopulmonary resuscitation and electro•
shock versus outcome. In the 285 witnessed cases, two 
factors, both relating to the delivery of emergency care, had 
significant influence on survival after cardiac arrest. First, 
cardiopulmonary resuscitation was initiated soOner in sur•
vivors (3.6 ± 2.5 versus 4.3 ± 3.3 minutes; p = 0.03), 
and second, the initial defibrillation was attempted earlier 
in survivors than in patients who died (6.1 ± 3 versus 
7.3 ± 4.2 minutes; p < 0.02). In a multivariate analysis 
of the effects of both the clinical and emergency care system 
factors on survival, the outcome was significantly related 
only to the delay until initiation of cardiopulmonary resus•
citation (p = 0.02) and to delivery of the first countershock 
(p < 0.01). 
Using observations from these 285 patients, a logistic 
regression analysis was used to estimate the dependent re•
lation between survival and the delay until defibrillation 
(Fig. 1). Survival rates were estimated for four potential 
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Table 1. Clinical Characteristics and Outcome in 285 Patients Witnessed in Cardiac Arrest and 
Discovered in Ventricular Fibrillation Outside the Hospital* 
Survived to Hospital Died 
DIscharge (n = III) (n = 174) P Valuet 
General descnptlOns:j: 
Age (yr ± SO) 64.8 ± 12.7 67.3 ± 12.8 0.1 
Men (n) 89 (80%) 142 (82%) NS 
Weight (kg ± SO) 75.0 ± 12.1 73.6 ± 14.9 NS 
Cardiac history (n):j: 
Angina 36 (32%) 73 (43%) 0.1 
Remote myocardial infarct 41 (37%) 68 (40%) NS 
Hypertension 43 (39%) 70 (42%) NS 
Congestive failure I3 (12%) 21 (12%) NS 
Prescribed drugs at the time of arrest (n)t 
Diuretic agent 50 (47%) 83 (49%) NS 
Digoxin 38 (35%) 68 (40%) NS 
Antiarrhythmic agent 13 (12%) 18 (11%) NS 
Beta-adrenergic blocking agent 10 (9%) 21 (12%) NS 
Emergency response time 
Collapse to imtiation of cardiopulmonary 3.6 ± 2.5 4.3 ± 3.3 0.03 
resuscitation (minutes ± SO) 
Duration of cardiopulmonary resuscitation 6.1 ± 3.3 7.3 ± 4,2 0.02 
to first shock (minutes ± SO) 
*Findings in survivors are compared with those who died in the field or hospital. tprobability values for 
differences in the groups are shown when they are less than 0.1. Values greateqhan 0.1 are expressed as not 
significant (NS). The values stated are two-sided and may therefore understate thi! differences observed in the 
two response time factors. tThe proportions shown have been adjusted to include only known cases. n = 
number of patients. 
Figure 1. Expected average survival rates and 95% confidence 
limits for four different potential rescuers delivering the first shock. 
The minutes from collapse to shock (bottom) represent the average 
period of delay observed in 285 witnessed arrests due to ventricular 
fibrillation plus 3 minutes added to allow for operating a defibril•
lator. Survival rates are estimated for each time using a logistic 
regression model that considered outcome in a 66 year old victim. 
Early defibrillation applied either by bystanders or by first-re•
sponding emergency rescuers has a salutary effect on outcome 
over that achievable if only advanced cardiac life support teams 
are trained in the technique. The results are those from the model: 
Probability of survival 
I + e - (2.93 - 0,024 age - 0,1593 DS) 
where DS equals the delay from collapse to shock. CPR = car•
diopulmonary resuscitation, 
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rescuers delivering the initial shock at the scene of cardiac 
arrest. Compared with survival rates for victims treated by 
paramedics alone, the estimated rates were 1,6 times higher 
for victims treated by first-arriving emergency responders, 
1,9 times higher if the person initiating chest compression 
Figure 2. Survival rates to hospital discharge in 4 years of con•
secutive patients (1,122) initially discovered in ventricular fibril•
lation. Response times are known for 942 cases. Both witnessed 
and unwitnessed cases in this 4 year period are considered, The 
average response time for the first emergency unit was 3.0 ± 1.5 
minutes and for paramedics was 6.5 ± 3.2 minutes after dispatch. 
The survival rate for response times is best expressed by the linear 
regression: Probability of survival = 0.4660 - 0.0283 RT, where 
RT is the response time of personnel equipped to defibrillate. 
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also administers shock and 2,4 times higher if a shock is 
delivered by the person who telephones for help, 
Potential of early defibrillation in the emergency sys•
tem (all 942 cases with known emergency response 
times). During the 4 years, 265 (28%) of 942 patients dis•
covered in cardiac arrest with ventricular fibrillation sur•
vived and were discharged from the hospital (Fig, 2), A 
linear regression of paramedic response times and survival 
was used to calculate the potential benefit if, instead, de•
fibrillatory shocks had been delivered by first responders in 
each of the 942 patients with cardiac arrest (see Appendix), 
Using the linear model, an estimated 94 additional lives 
would be saved, with an overall survival rate increase from 
28, I ± 3% (95% confidence limits) to 38, I ± 3%, The 
estimated increase in the survival rate using the logistic 
model with early defibrillation was 13%, Therefore, the real 
benefit of shortening the time to defibrillation by an average 
of 3,5 minutes by using first responders to deliver initial 
shocks appears to be a 10 to 13% improvement in overall 
yearly survival rates, 
Discussion 
Factors influencing successful resuscitation. The 
prognosis for the victim who unexpectedly collapses and is 
discovered to be in ventricular fibrillation is determined in 
great part by the rapidity with which emergency care is 
delivered, Almost all such patients might be saved if defin•
itive care were immediately available, In an effort to reduce 
the time to provision of basic life support, cardiopulmonary 
resuscitation has been taught to a large number of lay per•
sons and such teaching has been shown to be associated 
with improved survival rates after cardiac arrest (3-8), 
However, conventional cardiopulmonary resuscitation is, at 
best, a poor "holding" procedure, The results achievable 
with immediate defibrillation are clear cut. When patients 
develop arrest and are defibrillated immediately, as in a 
supervised cardiac rehabilitation program, 100% survival 
has been reported (9), The clinical history had only a slight 
relation to outcome, although age and prior history of myo•
cardial infarction and congestive heart failure were ad•
versely related to survival rates of patients admitted to the 
hospital after resuscitation, Our findings indicate that efforts 
to improve survival rates after out-of-hospital arrest should 
principally be aimed at reducing the delays to initiation of 
basic life support and defibrillation. 
Cotnplete clinical information and the resuscitation fac•
tors were not known for all patients over the 4 year period 
because of limitations in assessing the time delays with 
resuscitation, inability to locate adequate medical records 
and absence of witnesses to the collapse. Although these 
are insurmountable and potentially serious shortcomings, 
we believe that the findings in the subset of 285 patients 
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are probably representative of the entire cohort. The delay 
until initiation of cardiopulmonary resuscitation and the de•
lay from collapse to first countershock were strongly related 
to outcome in witnessed cases with detailed information, as 
well as in all 942 cases in which delays could only be 
approximated by the response time of paramedics. 
Shortening the time until treatment. As approxi•
mately 70% of cardiac arrests occur at home, it follows that 
any new resuscitation strategy should begin there (10). In 
Seattle, with a popUlation of 0.5 million, more than 200,000 
persons have been taught basic life support. However, a 
recent survey showed that only 7% of such trained persons 
lived with family members known to have heart disease 
(11). It would seem advisable to focus efforts toward train•
ing family members likely to witness an arrest, that is, the 
family of high risk patients with known heart disease. 
Another way to improve survival would be to shorten 
the delay from collapse until defibrillation by increasing the 
number of emergency service personnel trained in the use 
of defibrillators (10,12,13). In Seattle, we estimated that 
survival after cardiac arrest might be substantially increased 
if defibrillation were delivered by first responders. A further 
reduction in delay might be achieved by providing defi•
brillators and training to the persons initiating the call for 
help. In the latter situation, we estimated that survival rates 
of 70% might be achieved in cases in which collapse was 
witnessed. Possibly half of the patients at risk could be 
identified and are therefore suitable candidates for such in•
terventions. These include patients with complex arrhyth•
mias in the first year after acute myocardial infarction, pa•
tients with underlying heart disease and ventricular tachycardia 
on ambulatory electrocardiographic monitoring and patients 
with moderate to severe left ventricular dysfunction due to 
structural heart disease. However, the risk of sudden death 
with each of these abnormalities is relatively low, making 
the cost effectiveness of such an approach impractical, at 
least for the present. 
An earlier pilot study (10) showed that early defibrillation 
improved not only survival but also the rate of neurologic 
recovery after cardiac arrest. Therefore, such treatment might 
actually reduce the frequency of cerebral failure associated 
with cardiac arrest and resuscitation. 
Potential utility of automatic defibrillators. Appli•
cation of this strategy would require teaching potential wit•
nesses of an arrest not only the techniques of cardiopul•
monary resuscitation, but also the skills needed to operate 
defibrillators. This effort is probably realistic if automatic 
"smart" external defibrillators are developed for wide•
spread use. Such devices require no rhythm recognition 
skills of the user. These machines would make it feasible 
for first aid providers, including family members of patients 
at risk for cardiac arrest, to deliver initial countershocks 
very quickly after cardiac collapse. In one theoretic eval•
uation of the cost effectiveness of defibrillation by first aid 
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providers, rapid defibrillation conveyed potential benefit over 
paramedic level systems in communities of certain sizes 
(14). 
It is unknown whether lay persons can be taught to safely 
and effectively use such a defibrillator, and whether reliable, 
safe, illexpensive and simple defibrillators can be devel•
oped. Ideally, such devices should be small, portable and 
extremely simple to use. Will such care improve survival? 
Could there be adverse psychological effects on either the 
lay rescuer or victim? Automatic external defibrillators are 
technologically feasible and have been available since 1976 
(15); however, there has as yet been no comprehensive 
assessment of their usefulness. The accuracy and perform•
ance of such devices will be relatively easy to evaluate, 
whereas their impact on survival and on users will be more 
difficult. 
The widespread implementation of automatic external 
defibrillators could substantially reduce the delay until de•
fibrillation, which in tum might effect the greatest impact 
on survival after sudden cardiac arrest since the development 
of paramedic level care. 
Appendix 
Survival After Cardiac Arrest Determined From 
Logistic and Linear Models 
Logistic regression model (285 witnessed cases of arrest with 
ventricular fibrillation): 
Probability of survival 
I + e-(292 - 0024 age - 01787 CCPR - 01515 DCPR) 
Table 1. 
Response Time (min) 
Engine 29 Paramedics Difference Total 
2 9 7 I 
3 7 4 4 
4 10 6 2 
AdditIOnal lives saved (rate x no. of cases) with early defibrillation 
D = difference. 
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where CCPR IS the duration 10 minutes from collapse to imtiation 
of cardiopulmonary resuscitation and DCPR is the duratIOn of 
resuscitation in minutes after its mitiation until delivery of the first 
shock. 
The model is linear over its midportion and can be simplified 
by a linear approximation of the model: Survival rate = 
0.8039 - 0.0367 CS, where CS is the time in minutes from 
collapse to delivery of the first shock. The slope is that at 12 
minutes after collapse and ranges from 0.037 at 5 minutes to 0.028 
at 16 minutes. 
Linear regression model (942 cases of cardiac arrest with 
ventricular fibrillation). Survival is related to response time of the 
unit providing defibrillation: 
ProbabilIty of sUrYlval = 0.4660 - 0.0283 RT. 
where RT is the response time in minutes of the emergency care 
unit equipped to defibrillate. 
Using the models to calculate the effect on survival of early 
defibrillation given by first responders. The linear model of 
survival (based solely on the response time of the unit providing 
defibrillation) or a linear approximation of the logistic regression 
model (based on the delay from collapse until defibrillation in 
witnessed cases) can be used to estimate the potential benefit of 
adding defibrillation capability to a component of an emergency 
medical system. An example of the use of these models to estimate 
the benefit of early defibrillation is shown in Table I. The response 
times for both early arriving first responders and for paramedics 
must be known for each instance of cardiac arrest. The effect of 
training personnel to defibrillate in each of the additional respond•
ing units can then be determined for a victim by calculating the 
differences in survival rates. This rate multiplied by the number 
of persons treated will produce the expected additional benefit. 
For example. engine 29 was the first-arriving emergency re•
sponse in seven cases of cardiac arrest due to ventricular fibrillation 
this past year. What would be the expected benefit of training this 
company in defibrillation. assuming next year's experience will 
be similar? In this manner. the benefit can be detennined for each 
first-responding unit in the emergency system. 
Cases 
Witnessed 
I 
2 
2 
Predicted Increase in Survival Rate Based on: 
Response Time 
(0.0283 x Dj 
0.20 
0.11 
0.17 
0.98 
Delay Until Shock 
(0.0367 x D for 
witnessed cases) 
0.26 
0.15 
0.22 
1.00 
JACC Vol. 7, No 4 
Apnl 1986.752-7 
References 
I. Miller RG. Simultaneous Statistical Inference. New York:McGraw•
Hill, 1966:221-3. 
2. Truett J, Cornfield 1, Kannel W. A multivariate analysis of the risk 
of CHD in Framingham. J Chronic Dis 1967;20:511-24. 
3. Cobb LA, Hallstrom AP. Commumty-based cardiopulmonary resus•
cItation: what have we learned? Ann NY Acad Sci 1982;382:330-41. 
4 Lund I, Sku1berg A Cardiopulmonary resuscitation by lay people. 
Lancet 1976;2:702-4. 
5. Copley DP, Mantle JA, Rogers WJ. Improved outcome forprehospital 
cardiopulmonary collapse with resuscitation by bystanders. CIrculation 
1977;56:901-5. 
6. Eisenberg M, Bergner L, Hallstrom A. Paramedic programs and out•
of-hospItal cardiac arrest. I. Factors assocIated with successful resus•
cItatIOn. Am J PublIc Health 1979;69:30-8. 
7. Tweed W A, Bristow G, Donen N. Resuscitation from cardiac arrest: 
assessment of a system providing only baSIC life support outsIde of 
hospital. Can Med J 1980;122:297-300. 
8. Guzy PM, Pearce ML, Greenfield S. The survival benefit of bystander 
cardIopulmonary resuscitatJon in a paramedic served metropolitan area. 
Am J PublIc Health 1983;73:766-9. 
WEAVER ET AL. 757 
SURVIVAL AFTER CARDIAC ARREST 
9. Hossack KF, Hartwig R. Cardiac arrest associated with supervIsed 
cardiac rehabilitation. J Cardiac Rehab 1982;2:402-8. 
10. Weaver WD, Copass MK, Bufi D, Ray R, Hallstrom AP, Cobb LA. 
Improved neurologic recovery and survIval after early defibrillation. 
Circulation 1984;69:943-8. 
II. Mandel LP, Cobb LA. CPR training in the community. Ann Emerg 
Med 1985;14:669-71. 
12. Eisenberg MS, Copass MK, Hallstrom AP. Treatment of out-of-hos•
pital cardiac arrest with rapid defibrillation by emergency medical 
technicians. N Engl J Med 1980;302: 1379-83. 
13. Stults KR, Brown DD, Schug VL, Bean JA. Prehospital defibrillation 
performed by emergency medical technicians in rural commumties. 
N Engl J Med 1984;310:219-23 
14. Hallstrom AP, Eisenberg MS, Bergner L. The potential use of au•
tomatic defibrillators in the home for management of sudden cardiac 
arrest. Med Care 1984;22:1083-7. 
15. Diack AW, Welborn WS, Rullman RG, WalterCW, Wayne MA. An 
automatic cardiac resuscitator for emergency treatment of cardiac ar•
rest. Med Instrum 1979,13:78-81. 
